Abstract -Silicon-rich oxide (SiO x , 0<x<2) thin films were deposited using the Low Pressure Chemical Vapor Deposition (LPCVD) method at temperature of 570 o C using silane (SiH 4 ) and oxygen as the reactant gasses. The films were annealed at temperatures of 800 o C, 900 o C, 1000 o C and 1100 o C to induce the separation of excess silicon in the SiO x films into nanosized crystalline silicon particles inside an amorphous SiO x matrix. The size of the silicon particles was determined using Raman spectroscopy.
The optical properties of nanocrystalline silicon are very different than the properties of bulk silicon. While bulk silicon is a poor light emitter, nonocrystalline silicon was found to exhibit luminescence [1] . Among different methods to produce nanocrystalline silicon, one of the most convenient is by thermal annealing of silicon richoxides (SiO x , 0<x<2). Upon annealing of silicon-rich oxides at high temperatures (800 o C -1100 o C) the excess of silicon groups into nanocrystalline particles (nc-Si). Raman spectroscopy can be used to determine the nanoparticle size distribution inside a given sample from the shape and position of both the acoustical [2] and optical phonon peaks [3] [4] [5] .
II. EXPERIMENT
The silicon-rich oxide thin films were deposited using the LPCVD method on both silicon and silica substrates. Oxygen and silane diluted in argon (26% SiH 4, 76% Ar) were used as reactant gasses. The depositions were made at the temperature of 570 o C and the time of each deposition was 3 hours. The partial pressures of the diluted silane was kept constant at 260 cm 3 /min while the flow of oxygen was varied to obtain films with different oxygen contents x. The thicknesses of the SiO x films were determined by m-line measurements and are summarized in Table I 
III. RESULTS
An example of the Raman spectra of the samples produced is given in Figure 1 . for the sample deposited with the flow of oxygen equal to 9 cm 3 /min. Two distinctive features can be seen in the enlarged region of the Raman spectra between 450 and 500 cm -1 which is presented in the right part of Figure 1 : the broad band of the amorphous SiO x matrix (a-SiO x ) centered between 470-480 cm -1 , and the nano-crystalline silicon (nc-Si) peak between 510-520 cm -1 . The higher the annealing temperature, the intensity of the nc-Si peak increases in respect to the intensity of the a-SiO x band. Also the position of the nc-Si peak shifts slightly towards higher wavenumbers. Both the broadening and the shift of the peak is visible in Figure 1 as well as the increase of the intensity of the optical phonon peak in respect to the intensity of the SiO x amorphous bad indicating increased crystallisation. The low frequency part of the Raman spectra of the sample deposited with v(O 2 )=13.5 cm Figure 2 . A clear difference between the HH and VH spectra in the region between 0 and 100 cm -1 is observed. In the HH spectra of all three samples there is a peak clearly visible between 30 and 50 cm -1 which we attribute to the l=0 acoustical mode. From both the position of the optical and acoustical phonon peaks the mean diameter of the nanoparticle was determined. The low frequency acoustical modes method seems to give systematically higher values of nanoparticle mean sizes than the phonon confinement model. The size of the particles was found to be around 3 nm by the phonon confinement model and from 5-7 nm by the low frequency acoustical modes model. A possible explanation of this discrepancy is that the silicon nanoparticles inside an SiO x matrix are not completely crystalline but have a crystalline core and an amorphous silicon shell [6] . The amorphous shell would have a greater effect on the optical than on the acoustical mode, since the high wavevector (small wavelength) optical mode would be much more quickly damped in the amorphous shell than the low wavevector (high wavelength) acoustic mode. Therefore the effective size of the particle determined from the optical modes is expected to be lower than the size determined from the acoustical modes.
IV. CONCLUSION
Thin silicon rich oxide films were deposited using the LPCVD method, and were later annealed at temperatures of 800 o C, 900 o C, 1000 o C and 1100 o C in order to induce the thermal decomposition of the silicon rich oxides into nanocrystalline silicon inside an amorphous matrix. Raman spectroscopy has found that the crystallization of silicon into nanoparticles takes place, and that the size of the particles increases with the increase of temperature. The size of the particles was found to be around 3 nm by the phonon confinement model (possibly the crystalline core of the particles) and from 5-7 nm by the low frequency acoustical modes model (possibly the whole, not necessarily crystalline, silicon conglomeration inside the silicon rich oxide matrix). where the region from 0 to 210 cm -1 is the spectrum of the sample deposited on the silicon, and the region from 210 to 700 cm -1 on the silica substrate. The right part of the figure is the enlarged area of the silicon optical phonon peak from 450 cm -1 to 550 cm -1 where circles represent the experimental spectra, the dashed lines are the optical phonon mode peak profile calculated from the phonon confinement model and the broad band of the amorphous SiO x matrix, and the full line is their sum.
